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Abstract 



PURPOSE:To obtain the title sintered form improved in toughness, hardness and mechanical strength 
by sintering aluminum oxide powder using a carbon- coated composite to incorporate the aluminum 
oxide with carbon in high dispersibility so as to continuously spreading the carbon throughout crystal 
grain boundaries to effect suppress grain growth. 

CONSTITUTION:Firstly, such composite powder that the surface of powder predominant in aluminum 
oxide is coated with carbon is prepared. Second, this composite powder is mixed with a substance 
capable of producing composite oxide by reaction with aluminum oxide followed by forming. Thence, the 
resultant form is sintered in a non-oxidative atmosphere to obtain the objective sintered form made up of 
0.03-3wt.% of carbon and a matrix predominant in aluminum oxide. This matrix contains, other than Al 
and O, 0.2-40vol.%. based on the final sintered form, of composite oxides containing elements such as 
Sr and/or Ba. 
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Specification 

1 . Title of the Invention 

Aluminum Oxide Based Sintered Body with High Toughness, and Method of 
Producing the Same 

2. Claims 

(1) An aluminum oxide based sintered body with a high toughness, 
comprising: a matrix containing 0.03 to 3 wt% of carbon and the balance of 
aluminum oxide as a main component; and inevitable impurities, wherein 
the matrix contains a composite oxide consisting of at least one element 
other than aluminum and oxygen in 0.2 to 40 vol% in the sintered body. 

(2) The aluminum oxide based sintered body with a high toughness 
according to claim 1, wherein the crystal structure of the composite oxide is 
hexagonal crystal structure. 

(3) The aluminum oxide based sintered body with a high toughness 
according to claim 1 or 2, wherein the composite oxide contains at least one 
element selected firom Sr, Ba, La, Ce, Pr, Nd, Sm, Eu, Gd and Pb other than 
aluminum and oxygen. 

(4) The aluminum oxide based sintered body with a high toughness 
according to claim 1 or 2, wherein the composite oxide contains at least one 
element selected from Sr, Ba, La, Ce, Pr, Nd, Sm, Eu, Gd and Pb and at 
least one element selected from Mg, Ca, Mn, Fe, Co, Ni, Cu, Zn, Sn, Cr, Ga, 
In, Sc, Y, Tb, Dy, Ho, Er, Tm, Yb and Lu other than aluminum and oxygen. 

(5) The aluminum oxide based sintered body with a high toughness 
according to claim 1, 2, 3 or 4, wherein the carbon is an amorphous carbon 
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andyor glassy carbon, 

(6) The aluminum oxide based sintered body with a high toughness 
according to claim 1, 2, 3, 4 or 5, wherein the matrix contains the composite 
oxide, at least 55 vol% of aluminum oxide, and the balance of at least one 
compound selected from zirconium oxide, siHcon carbide, titanium carbide, 
titanium nitride, titanium carbonitride, titanium oxycarbide, titanium 
oxynitride, titanium oxycarbonitride, and a compounded carbide, a 
compounded carbonitride, a compounded oxycarbide, a compounded 
oxycarbonitride of Ti and at least one element selected from Group IVa, Va 
and Via except Ti. 

(7) A producing method of an aluminum oxide based sintered body 
with a high toughness, comprising the steps of" mixing a composite powder 
containing aluminum oxide as a main component and coated with carbon on 
the surface and a substance capable of producing a composite oxide by 
reaction with aluminum oxide, and forming the mixture; and heating and 
sintering the formed mixt^^re in vacuum or a non-oxidative gas to obtain a 
sintered body comprising a matrix containing 0.03 to 3 wt% of carbon and 
the balance of aluminum oxide as a main component and inevitable 
impurities, wherein the matrix contains a composite oxide consisting of at 
least one element other than aluminum and oxygen in 0.2 to 40 vol% in the 
sintered body. 

(8) The producing method of an aluminum oxide based sintered 
body with a high toughness according to claim 7, wherein the substance 
capable of producing a composite oxide by reaction with aluminum oxide is 
at least one first substance selected from oxides of Sr, Ba, La, Ce, Pr, Nd, Sm, 



Eu, Gd, and Pb and their precursors or a first compound consisting of the 
first substance and aluminum oxide. 

(9) The producing method of an aluminum oxide based sintered 
body with a high toughness according to claim 7, wherein the substance 
capable of producing a composite oxide by reaction with aluminum oxide 
consists of at least one first substance selected from oxides of Sr, Ba, La, Ce, 
Pr, Nd, Sm, Eu, Gd and Pb and their precursors and at least one second 
substance selected from oxides of Mg, Ca, Mn, Fe, Co, Ni, Cu, Zn, Sn, Cr, Ga, 
In, Sc, Y, Tb, Dy, Ho, Er, Tm, Yb and Lu and their precursors, or is a second 
compound consisting of the second substance and aluminum oxide, or is a 
third compound consisting of the first substance, the second substance and 
aluminum oxide. 

3. Detailed Description of the Invention 
(Industrial field of the invention) 

The present invention relates to an aluminum oxide based sintered 
body with a high toughness suitable for a cutting tool material, a wear 
resistant tool material, a corrosion resistant material, a material for high 
temperature machinery parts, a material for precision apparatus parts, a 
material for electronic parts, a material for magnetic head substrates, a 
material for decoration including clocks and watches, and a producing 
method of the same. 

(Prior art) 

Generally, sintered bodies containing aluminum oxide as a main 
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component and Si02, MgO, NiO, Mn02, Zr02, TiC, TIN, Ti(CN), SiC, Si3N4, 
TiB2, ZrB2, and the like added to aluminum oxide are excellent in oxidation 
resistance and deposition resistance to metals and economical, so that they 
have been utilized in a variety of industrial fields, for example, a cutting tool 
material, a wear resistant tool material, a material for electronic parts, or 
the like. Among the sintered bodies containing aluminum oxide as a main 
component, those with improved chipping or cracking resistance in cutting 
processing and polishing process by adding other substances to 
Al203-TiC-based sintered bodies or controlling the average particle size are 
disclosed in Japanese Unexamined Patent Pubhcation Sho 63-8257 and 
Japanese Unexamined Patent Pubhcation Sho 63-8258. 

Further, examples with improved strength and hardness at a high 
temperature by depositing a composite oxide, La203-ll AI2O3, in a matrix of 
aluminum oxide are disclosed in Altopia. I (1988), 17. 

Further, carbon-containing aluminum oxide-based sintered bodies 
obtained by adding carbon to mainly aluminum oxide are utilized for nozzles 
for casting and as refractories for inner walls of iron and steel 
manufacturing furnaces and typical ones are exemplified in Japanese 
Unexamined Patent Publication Sho 57-123860 and Japanese Unexamined 
Patent Pubhcation Sho 58-99164. 

(Problems to be solved by the invention) 

Among sintered bodies containing aluminum oxide as a main 
component, Al203-MgO-based sintered bodies obtained by adding 0.1 to 3 
wt% of MgO to aluminum oxide are provided with a function of suppressing 



grain growth of AI2O3 owing to MgO in sintering step and become dense 
sintered bodies owing to formation of MgO-Al203 spinel in the grain 
boundaries of AI2O3 after sintering. However, with respect to 
Al203-MgO -based sintered bodies, there is a problem that the effect of the 
function of suppressing the grain growth by MgO is not so much significant 
and the effect is further decreased due to a trace amount of an impurity 
such as Na20 and K2O contained in starting materials to result in low 
strength. Among sintered bodies containing mainly aluminum oxide with 
which such a problem is tried to be solved, aluminum oxide based sintered 
bodies obtained by adding Zr02, TiC, TiB2, SiC , Si3N4 or the like to 
aluminum oxide have high strength as compared with Al203-MgO-based 
sintered bodies and are employed in field requiring to have impact 
resistance. However, these aluminum oxide based sintered bodies still 
have problems that the strength is still low although they have high 
strength as compared with the Al203-MgO-based sintered bodies and that 
they are hard to be sintered. 

The above-mentioned Japanese Unexamined Patent Publication Sho 
63-8257 discloses sintered bodies obtained by adding at least one of oxides of 
Ga, Ba, Ce, Nb and Ti to aluminimi oxide and titanium carbide and 
controlling the average particle diameter of the titanium carbide and the 
Japanese Unexamined Patent Publication Sho 63*8258 discloses sintered 
bodies obtained by adding manganese oxide and titanium oxide to 
aluminum oxide and titanium carbide or adding manganese oxide, titanium 
oxide, and at least one of oxides of Ga, Ba, Ce and Nb. The respective 
sintered bodies disclosed in Japanese Unexamined Patent Publication Sho 



63-8257 and Japanese Unexamined Patent Publication Sho 63-8258 scarcely 
cause chipping at the time of cutting processing and specularly polishing 
process and excellent in processibility, however they have problems that 
their toughness and strength are low and therefore, they cannot be used as 
cutting tools or the like to be used in severe conditions. 

Further, Al203-based sintered bodies disclosed in Altopia, I (1988), 17 
obtained by depositing a composite oxide of La203-ll AI2O3 have improved 
strength and heirdness at a high temperature, however they have a problem 
that their strength at a room temperature and thermal impact resistance 
are inferior. 

Further, carbon-containing aluminum oxide based sintered bodies 
disclosed in Japanese Unexamined Patent Publication Sho 57-123860 and 
Japanese Unexamined Patent Publication Sho 58-99164 are developed for 
the purposes to be used refractories and therefore they are excellent in 
strength, corrosion resistance, and sp ailing resistance as refractories, 
however they have high porosity and strength as low as 1/20 to 1/30 of that 
of an Al203-TiC-based sintered body. 

The present invention solves the above-mentioned problems and 
practically aims to succeed in extraction of the effect of a composite oxide in 
a matrix to the utmost extent by suppressing the grain growth of aluminum 
oxide and increasing the adhesion by making a trace amount of carbon 
existing in grain boundaries of aluminum oxide and the composite oxide and 
to provide thereby an aluminum oxide based sintered body with high 
hardness, high strength, high thermal impact resistance and high toughness, 
and a producing method of the same. 



(Means for solving the problems) 

The present inventors have made investigations on additives which 
contribute to suppression of the grain growth of aluminum oxide and 
improvement of the wear resistance and fracture resistance without 
deteriorating respective characteristic values of such as the hardness, 
strength, fracture toughness and the like of aluminum oxide based sintered 
body and found a first finding that in the case a specified amount of carbon, 
especially, a trace amount of carbon, is added with good dispersibility to 
continuously shield the grain boundaries of aluminum oxide, the grain 
growth of aluminum oxide is significantly suppressed to result in high 
hardness and high strength as well as excellency in wear resistance and 
fracture resistance and disclosed the finding in Japanese Patent AppUcation 
Sho 62-168116, Japanese Patent AppUcation Sho 62-170120, and Japanese 
Patent Application Sho 62- 172428. 

Next, when inventors have made investigations to improve 
toughness by applying the crack- deflection theory and the theory of fracture 
toughness named a drawing effect of crystal with shape-anisotropy, 
inventors have found a second finding that forming processibility and 
sintering easiness can be obtained by producing and growing a 
shape- anisotropic crystal in a sintered body during the middle or later stage 
in the almost completed shrinkage step during the sintering process of an 
aluminum oxide based sintered body as compared with a conventional 
shape-amisotropy by adding a whisker; that a composite oxide containing 
aluminum, oxygen and at least another element is suitable for the 



production and growth of the shape-anisotropic crystal in the aluminum 
oxide based sintered body; and that densification can be promoted to give 
further high toughness and at the same time trivalent rare earth elements 
can be reduced to divalent by making a trace amount of carbon existing in 
grain boundaries of the composite oxide and aluminum oxide. Based on the 
first finding and the second finding, the present invention is completed. 

That is, an aluminum oxide based sintered body with a high 
toughness of the present invention is a sintered body comprising a matrix 
containing 0.03 to 3 wt% of carbon and the balance of aluminum oxide as a 
main component and inevitable impurities, wherein the matrix contains a 
composite oxide consisting of at least one element other than aluminum and 
oxygen in 0.2 to 40 vol% in the sintered body. 

The carbon in the aluminum oxide based sintered body with a high 
toughness of the present invention is especially preferably amorphous 
carbon, and above aU, glassy carbon which is said to be produced by heating 
phenol resin at 1300 to 3000°C, or glassy carbon having characteristics such 
as high hardness and high strength since such a case, the strength, the 
wear resistance, and the fracture resistance of the sintered body are 
excellent. In the case the carbon amount is less than 0.03 wt%, the effect of 
the fimction of suppressing the grain growth of aluminum oxide is sHght 
and the strength and the fracture resistance of the sintered body sire 
decreased. On the contrary, in the case the carbon amount increases and 
exceeds 3 wt%, the hardness and the wear resistance of the sintered body 
are decreased. Therefore, the carbon amount in the sintered body is 
determined in a range of 0.03 to 3 wt%. Especially, in the case where the 
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Pb other than aluminum and oxygen and at least one element selected from 
Mg, Ca, Mn, Fe, Co, Ni, Cu, Zn, Sn, Cr, Ga, In, Sc, Y, Tb, Dy, Ho, Er, Tm, Yb 
and Lu and they are formed by reducing cations other than aluminum by 
carbon. These composite oxides with the hexagonal structure are 
especially preferable if they have a crystal grown in the direction 
perpendicular to the caxis, that is, a flat and platy crystal since in such a 
case, high toughness and high strength can be achieved by the 
above-mentioned crack- deflection theory and effect of drawing crystal with 
shape-anisotropy. With respect to the amount of the composite oxides, if it 
is less than 0.2 vol% in relation to the entire sintered body, the effect on the 
toughness and strength is insufficient, whereas if it exceeds 40 vol%, the 
wear resistance tends to be decreased. Therefore, the composite oxides are 
preferable to be added in 0.2 to 40 vol% in the entire sintered body, 
especially in the case where the amount is 5 to 25 vol%, the toughness, 
strength, wear resistance, and thermal impact resistance all tend to be 
excellent and therefore it is preferable. 

The matrix of the aluminum oxide based sintered body with a high 
toughness of the present invention includes the case that the matrix 
consists of aluminum oxide and the above-mentioned composite oxides or 
the case that the matrix consists of carbides, nitrides, oxides, borides of 
Group IVa, Va and Via metals and their solid solutions or at least one of 
silicon carbide, silicon nitride, sialon, stabilized zirconium oxide, and 
partially stabilized zirconium oxide other than aluminum oxide and the 
above-mentioned composite oxides. The matrix is preferable to contain at 
least 55 vol% of aluminum oxide and especially preferable to contain at least 
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55 vol% of aliiminum oxide, the above-mentioned composite oxides, and the 
balance of at least one compound selected from zirconium oxide, silicon 
carbide, titanium carbide, titanium nitride, titanium cairbonitride, titanium 
oxycarbide, titanium oxynitride, titanium oxycarbonitride, at least one of 
composite carbides, composite nitrides, composite oxycarbides, and 
composite oxycarbonitrides of Ti and Group IVa, Va, and Via metals except 
Ti since in such a case the toughness, strength, wear resistance, thermal 
impact resistance, and fracture resistance become excellent. 

With respect to a producing method of the aluminum oxide based 
sintered body with a high toughness of the present invention, a conventional 
powder metallurgy and a powder metallurgy using a whisker may be 
employed, however, the following method is preferable since a dense 
sintered body can be stably obtained by the method. 

That is, the producing method of the alxmiinum oxide based sintered 
body with a high toughness of the present invention is a method comprising 
the steps of- mixing a composite powder containing aluminum oxide as a 
main component and coated with carbon on the surface and a substance 
capable of producing a composite oxide by reaction with aluminum oxide, 
and forming the mixture; and heating and sintering the formed mixture in 
vacuum or a non- oxidative gas to obtain a sintered body comprising a matrix 
containing 0.03 to 3 wt% of carbon and aluminum oxide as a main 
component, wherein the matrix contains a composite oxide consisting of at 
least one element other than aluminum and oxygen in 0.2 to 40 vol% in the 
sintered body and inevitable impurities. 

The powder containing aluminum oxide as a main component in the 
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production method of the aluminum oxide based sintered body with a high 
toughness of the present invention is at least one powder selected from 
a-Al203, P-AI2O3, Y-AI2O3, 0-AI2O3, and amorphous AI2O3, or a mixture of 
these aluminum oxide powders with another powder and/or a whisker, for 
example, practically, a powder selected from TiC, TiN, Ti(CN), Ti(CO), 
Ti(NO), TL(CNO), (Ti, W)C, (Ti, Ta, W)C, Zr02, SiC and Si3N4 and/or a 
whisker. The method for coating the surface of the powder containing 
aluminum oxide as a main component with carbon is preferably a method by 
mixing the above-mentioned powder containing aluminum oxide as a main 
component in a solution produced by dissolving organic compounds, for 
example, phenol resin, vinyl resin, polyvinylpyrrolidone and the like in a 
solvent, drying the powder, and subjecting the powder to heating treatment 
in terms of easiness of the steps. The amount of carbon in the composite 
powder obtained in such a manner can be controlled mainly depending on 
the tjrpe and the content of the organic compounds. The alxmiinum oxide 
based sintered body can be obtained by adding a lubricant for forming such 
as paraf&n, poly(vinyl alcohol), polystyrene and the like based on necessity 
to the composite powder obtained in such a manner and a substance capable 
of forming a composite oxide by reaction with aluminum oxide, granulating 
and sieving the resulting mixture and then forming the granulated mixture 
by a conventional powder metallurgy such as die pressing, extruding, 
injection molding methods and successively heating the formed body in 
vacuum or a nonoxidative gas to diffuse the lubricant and again heating the 
resulting body in vacuum or a nonoxidative gas. The heating and sintering 
at that time is carried out by a method by heating at 1300 to 1800°C for 1 to 
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4 hours under reduced pressure, normal pressure or increased pressure of 
200 to 500 Kgf/cm2 in vacuum or a nonoxidative gas such as Ar, N2 or the 
like. Further, after sintering in such a manner, it is preferable to carry out 
hydroisostatic pressing treatment (HIP treatment) at a temperature of 1300 
to 1600°C under a pressure, for example, 1000 atmospheric pressure or 
higher, based on necessity, in terms of densification and strength 
improvement of the sintered body. The substance capable of forming a 
composite oxide by reaction with aluminum oxide in the production method 
of the aluminum oxide based sintered body with a high toughness of the 
present invention is a metal including Si, an alloy, or a metal oxide 
including Si02 or their precursors and practically, for example, the following 
cases are preferable since a composite oxide with the hexagonal structure is 
easily formed in a sintered body; a case where the substaince is at least one 
of a first substance selected from oxides of Sr, Ba, La, Ce, Pr, Nd, Sm, Eu, 
Gd and Pb and their precursors such as hyddxides, carbonates, nitrates, or 
organometal compounds such as alkoxides containing these metal elements; 
a case that the substance is a first compound consisting of the first 
substance and aluminum oxide; a case where the substance consists of the 
.first substance and at least one second substance selected from oxides of Mg, 
Ca, Mn, Fe, Co, Ni, Cu, Zn, Sn, Cr, Ga, In, Sc, Y, Tb, Dy, Ho, Er, Tm, Yb and 
Lu and their precursors such as hydoxides, carbonates, nitrates, or 
organometal compounds such as alkoxides containing these metal elements; 
a case where the substance is a second compound consisting of the second 
substance and aluminum oxide; and a case where the substance is a third 
compound consisting of the first substance, the second substance and 
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aluminum oxide. The fii-st compound described here is, for example, 
LaAlOs, CeAlOa, and the like and the second substance is, for example, 
NiAl204, MgAl204 and the like, the third compound is, (Y, Nb)2Al60i2, (Dy, 
Ce)2Al60i2 and the like. 

Among these substances capable of producing composite oxides by 
reaction with aluminum oxide, in the case of adding in form of oxides, it is 
preferable to control the addition amount to be 0.5 to 4 wt% in the entire 
amount since hexagonal crystallization of the composite oxides is promoted 
and the shape and the dispersion state of the hexagonal composite oxides 
are excellent. 



(Effects) 

With respect to an aluminum oxide based sintered body with a high 
toughness of the present invention, carbon existing in grain boundaries of 
the matrix has a function of promoting densification, an effect of 
suppressing grain growth of matrix particle, particularly, aluminum oxide, 
and an effect of making hexagonal crystallization easy by reducing the 
composite oxides in the sintering process and the composite oxides in the 
matrix have an effect of increasing the high toughness, high strength, and 
thermal impact resistance, and in the case where the composite oxides are 
hexagonal composite oxides, they have remarkable effects and aluminum 
oxide, a main component of the matrix, has an effect of increasing wear 
resistance and oxidation resistance. 

With respect to a producing method of an aluminum oxide based 
sintered body with a high toughness of the present invention, the coating of 
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the surface of a powder containing aluminum oxide as a main component 
with carbon increases an effect of promoting the sintering and an effect of 
promoting the densification and heating and sintering in vacuum or a 
nonoxidative gas promotes the reduction function by carbon to promote the 
production of the platy hexagonal composite oxides. 

(Examples) 

Example 1 

Using commercialized AI2O3 powder with an average particle 
diameter of 0.2 \xm and a MgO powder as starting raw materials, a mixture 
of 99.5 wt% of AI2O3 and 0.5 wt% of MgO was mixed and the mixed mixture, 
balls made of zirconia, and methyl alcohol were charged in a rubber-Hned 
pot and wet mixed. A slurry obtained in such a manner was further mixed 
with resol type phenol resin dissolved in methyl alcohol and then dried 
while being stirred in a container made of alumina to obtain a mixed powder. 
The resulting mixed powder was charged in graphite board and heated to 
800°C at a constant temperature increase rate of 5 °C/min in nitrogen 
atmosphere to produce a composite powder of Al203-MgO mixed powder 
bearing carbon coating on the surface. As the composite powder, two type 
powders were produced; a composite powder (I) with a carbon amount of 0.5 
wt% and a composite powder (II) with a carbon amount of 4.0 wt%. These 
composite powders and a variety of commercialized raw material powders 
with an average particle diameter of 0.5 \xm were mixed as shown in Table 
1. 

Each of respective composite powders shown in Table 1 was again 
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wet mixed and pulverized by using balls made of zirconia, rubber-lined pot, 
and methyl alcohol and further mixed with paraffin as a lubricant for 
forming. Next, the resulting mixed powder was formed in a prescribed 
shape by pressure of 1 ton/cm^ and then fired at 1500°C for 2 hours in 
atmospheric pressure of nitrogen. Each sintered body obtained in such a 
manner was further subjected to HIP treatment at 1350°C for 30 minutes in 
argon atmosphere in 1500 atmospheric pressure. With respect to the 
comparative product 4 shown in Table 1, a sintered body was obtained in the 
same manner as described above except that 0.5 wt% of MgO was added to 
AI2O3 and fired in atmospheric air without using the composite powder. 

Each of the respective sintered bodies obtained in such a manner 
was subjected to measurement for hardness (JELvl load 10 Kg), the transverse 
force (three point bending; 3 x 4 x 30 mm gap between supporting points), 
fracture toughness value Gnicrocrack-indentation method), and the thermal 
impact resistance (3 x 4 x 35 mm sample! quenching in hot water of 100°C 
from a prescribed temperature three times) and the results were shown in 
Table 2. Fiirther, produced phases of the respective sintered bodies were 
identified and the structures were investigated by x-ray difEraction analysis 
and an x-ray microanalyzer to measure the ratios by volume for produced 
hexagonal composite oxides and the residts were shown together in Table 2. 
Further, investigation of the carbon state of each sintered body by Raman 
spectroscopic measurement apparatus made it clear that no Raman shift 
attributed to carbon was detected in the comparative product 4, whereas 
Raman shift was observed for other sintered bodies in 1350 and 1600 cm*^ 
corresponding to glassy carbon and amorphous carbon. 
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Example 2 

Similarly to Example 1, a composite powder (III) obtained by coating 
a powder of 99.43 wt% of A12O3-0.5 wt% of MgO-0.07 wt% of Y2O3 with 0.5 
wt% of carbon, respective commercialized powders of TiC and Ti(N, C) 
(TiN/TiC = 7/3) with an average particle diameter of 1 lom, and Al203-MgO of 
Example 1 were used and mixed as shown in Table 3. 

The respectively mixed powders shown in Table 3 were again mixed 
and pulverized using balls made of alumina, a pot made of alumina, and 
methyl alcohol and further mixed with paraffin as a lubricant for forming. 
Next, each of the resulting mixed powders was formed in a prescribed shape 
by pressure of 1 ton/cm^ and then fired imder the conditions shown together 
in Table 3, and after that, each sintered body was farther subjected to HIP 
treatment at 1400'*C for 30 minutes in argon atmosphere in 1500 
atmospheric pressure. Each of the respective sintered bodies obtained in 
such a maimer was subjected to measurement for hardness (Hv; load 10 Kg), 
the transverse force (three point bending; 3 x 4 x 30 mm gap between 
supporting points), fracture toughness value (microcrack-indentation 
method), and the thermal impact resistance (3 x 4 x 35 mm sample; 
quenching in hot water of 100°C from a prescribed temperature three times) 
and the results were shown in Table 4. Further, produced phases of the 
respective sintered bodies were identified and the structures were 
investigated by x-ray diffraction analysis and an x-ray microanalyzer to 
measure the ratios by volume for produced hexagonal composite oxides and 
the resxilts were shown together in Table 4. Further, investigation of the 
carbon state of each sintered body by Raman spectroscopic measurement 
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apparatus made it clear that Raman shift was observed in 1350 and 1600 
cm*i corresponding to glassy carbon and amorphous carbon for any sintered 
bodies obtained using C-coated composite powders, whereas no Raman shift 
was detected in the sintered bodies obtained using no C -coated composite 
powders. 

Further, each of the respective sintered body shown in Table 4 was 
subjected to cutting tests under the following dry turning conditions, wet 
turning conditions, and milling conditions to compare the wear resistance, 
chipping resistance, and fracture resistance and the results were together 
shown in Table 4. 

Dry turning test conditions 

Object sample FC 35 (HB 230) 

Chip shape SNGN 120004 



(0.1 X -30° homing-attached) 



Cutting speed 



300 m/min 



Feeding rate 



0.2 mm/rev 



Cutting depth 



1.5 mm 



Cutting time 



30 min 



Wet turning test conditions 



Object sample 



FC 35 (HB 260) 



Chip shape 



SNGN 120804 



(0.1 X --30° horning-attached) 



Cutting speed 



300 m/min 
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Feeding rate 0.3 mm/rev 

Cutting depth 1.5 mm 

Cutting oil Wl-2 (water-soluble) 

Life determination and time to finishing cutting 

The longest cutting time until occurrence of chipping 

and it was finished after 30 min 

Milling test conditions 
Object sample FCD 60 (HB 330) 

Chip shape SNGN 120804 

Cutting speed 200 m/min 

Cutting depth 1.5 mm 

life determination Dry intermittent cutting was carried out at a blade 
feeding speed of 0.18 mm/blade and feeding was increased for each 200 mm 
cutting and the feeding speed at the time of fracture occurred in chips was 
defined as the life. 
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Example 3 

Similarly to Example 1, using a commercialized AI2O3 powder with 
£ta average particle diameter of 0.2 pun and a MnAl204 powder with an 
average particle diameter of 0.4 |im produced by preliminary firing at 
1200^0, a mixture of 99 wt% of AI2O3 and 1 wt% of MnAl204 was obtained 
and the mixed powder, balls made of zirconia, and distilled water were 
charged in a rubber-lined pot and wet mixed and pulverized. A slurry 
obtained in such a manner was further mixed with polyvinyl pyrrolidone 
dissolved in distilled water and then dried while being stirred in a container 
made of alumina to obtain a mixed powder. The resulting mixed powder 
was charged in graphite board and heated to SOO^'C at a constant 
temperature increase rate of 5 °C/min in nitrogen atmosphere to produce a 
composite powder (IV) of Al203"MnAl204 mixed powder bearing carbon 
coating on the surface. The carbon amount of the composite powder (IV) 
was 0.3 wt%. Using the composite powder (TV), the composite powder (I) of 
Example 1, and a Zr02 powder containing 3 mol% of Y2O3 in soHd solution 
and having an average particle diameter of 0.1 \im as starting materials, 
they were mixed as shown in Table 5 and sintered bodies were obtained in 
the same manner as Example 1, except that the sintering conditions were 
changed as shown in Table 5 together. Each of the respective sintered 
bodies obtained in such a manner was subjected to the same measurements 
as those of Example 1 and the respective characteristics were shown in 
Table 6. 
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Example 4 

Similarly to Example 1, using a commercialized AI2O3 powder with 
an average particle diameter of 0.2 iim, a MgO powder, and a Yb203 powder 
with an average particle diameter of 0.5 |Lim, a mixture of 99 wt% of 
AI2O3-O.5 wt% of MgO-0.5 wt% of Yb203 was obtained and the mixed powder, 
balls made of zirconia, and methyl alcohol were charged in a rubber-lined 
pot and wet mixed and pxxlverized. A slurry obtained in such a manner was 
further mixed with yttrium methoxide in a proper amount to be 0.05 wt% in 
conversion into Y2O3 and then further mixed with distilled water in amount 
three times as much as the amount necessary for hydrolysis for the yttrium 
methoxide and additionally mixed and pulverized. The slurry obtained in 
such a manner was mixed with pols^vinyl pyrroHdone dissolved in methyl 
alcohol and then dried while being stirred in a container made of alumina to 
obtain a mixed powder. The resulting mixed powder was charged in 
graphite board and heated to 800''C at a constant temperature increase rate 
of 5 "^C/min in nitrogen atmosphere to produce a composite powder (V) of 
Al203"MgO-Yb203-Y203 mixed powder bearing carbon coating on the surface. 
The carbon amount of the composite powder (V) was 0.4 wt%. Using the 
composite powder (V) and SiC whisker with an average diameter of 1 [xm as 
starting materials, they were mixed as shown in Table 7 and subjected to 
firing by hot press of 500 kg/em^ under the conditions shown in Table 7 and 
pulverization and the mixing was finished when the average aspect ratio of 
the SiC whisker reached 10 and sintered bodies were obtained in the same 
manner as Example 2, except that no HIP treatment was carried out. Each 
of the respective sintered bodies obtained in such a manner was subjected to 
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the same measurements as those of Example 2 and also to cutting tests 
under the following wet turning conditions and milling conditions same as 
those of Example 2 to compare the wear resistance and fracture resistance 
and the respective results were shown in Table 8 together. 

Wet turning conditions 

Object sample INCONEL600 

Chip shape SNGN 120804 



(0.1 X -30° homing-attached) 



Cutting speed 



125 m/min 



Feeding rate 



0.15 mm/rev 



Cutting depth 



2.0 mm 



Cutting oil 



W 1 -2 (water-soluble) 



Cutting time 



8 min 
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(Effects of the invention) 

According to the above-mentioned results, an aluminum oxide based 
sintered body with a high toughness of the invention is a high toughness 
ceramic excellent in hardness and wear resistance and provided with 
remarkably improved chipping resistance and fracture resistance by 2 to 4 
grades in the case of intermittent cutting accompanied with mechanical and 
thermal impacts and therefore, sintered body is usable as cutting tool with 
considerable improvement in terms of rehability. Further, the sintered 
body is a ceramic with a fine structure and therefore, in the case of 
processing it to a shape edge, it gives good sharpening properties and wear 
resistance, so that it can be utilized excellently for wear resistant tools. 
Further, since the sintered body contains aluminum oxide as a main 
component, it is excellent in oxidation resistance and corrosion resistance 
and also excellent in the surface roughness property and flatness after 
pohshing, it can be utilized for mechanical seals, valves, valve sheets, balls, 
sliding materials and the like and since it is a material having a black type 
color tone, it can be used even for decorative parts including external parts 
for clocks and watches, parts for fishing tools, golf club heads and the like 
and thus it is a material useful in an industrial field. 

Patent applicant: Toshiba Tungaloy Co., Ltd. 
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